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Abstract.—In herbivorous birds the processing rate of food is constrained by gizzard capacity. To enhance diges- 
tive processes,  many species ingest grit to grind  the food. Grit ingestion, however, may further limit the capacity of 
the gizzard. Graylag Geese (Anser anser) wintering in SW Spain fed mainly on Alkali Bulrush  (Scirpus maritimus) tu- 
bers, showing a preference for small tubers.  This preference may be due to a faster disintegration of small tubers 
than  larger ones inside the gizzard. As larger tubers  are likely coarser  than  smaller tubers,  more  grit would be nec- 
essary to process larger  tubers.  However, the ingestion of more  grit to grind  large tubers  would be at the expense 
of ingesting  additional tubers  because  of gizzard capacity limitations. Under these circumstances, there may be an 
inverse relationship between  tuber  size and amount of grit ingested  to optimize  food ingestion. Indeed, we found 
such a relationship. Grit facilitated  the disintegration of tubers.  This suggests that relying on some amount of grit 
to facilitate  the grinding of food should  outweigh  the loss of gizzard capacity to the amount of food ingested.  
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Among the major functions that the mus- 
cular stomach,  or gizzard, of birds performs, 
one is analog to that of the teeth of mammals, 
because  it grinds  the food into smaller parti- 
cles to facilitate digestion (Ziswiler and Farn- 
er 1972). In herbivorous birds, the gizzard is 
highly specialized,  possessing an inner kerati- 
nized cuticle that acts as a grinding apparatus 
during the contractions of the muscular 
stomach   (Ziswiler   and   Farner   1972;  Gill 
1990). In spite of this specialization, herbivo- 
rous  birds  are  not  very efficient  digesters  of 
their  food, so that they try to solve this prob- 
lem by processing large quantities of food 
throughout  the   digestive   tract.   Although 
birds may have short  food retention times 
(Dorozynska 1962; Burton et al. 1979; Prop 
and Vulink 1992), the processing rate is con- 
strained by the capacity of the gizzard, so that 
foraging  pauses are necessary to allow the di- 
gestive  tract  to  be  emptied (Kenward   and 
Sibly 1977; Sibly 1981; Sedinger and Raveling 
1988; Kersten  and  Visser 1996).  To increase 
assimilation  rates of food, many herbivorous 
birds ingest grit with which to enhance the ac- 
tion of the hard stomachal cuticle in grinding 
the  food  during contractions of the  gizzard 
wall. By grinding the food, the more easily di- 
gestible components of the diet are probably 
easier to absorb,  and  also the  transit  time of 
food  through the  gizzard may be shortened 
because  of the  smaller  size of finely ground 
food particles (Bjorndal et al. 1990; Prop et al. 
2005).  Indeed, although grit is not  essential 
for digestion of plant  material, without  grit 
the  digestive  efficiency of herbivorous birds 
seems to be somewhat  reduced (Ziswiler and 
Farner  1972; López-Calleja et al. 2000). 
In many avian species there have been 
found positive correlations between  the con- 
sumed   amount  of   coarse   food   and   the 
amount of grit ingested  (Norman and Brown 
1985; Gionfriddo and  Best 1996, 1999; Best 
and Stafford 2002). In some bird species the 
amount of grit inside gizzards may represent 
between  1/2 and 3/4 of the volume of a full 
gizzard (Dawson  et al. 1989; Gionfriddo and 
Best 1995, 1999). The ingestion of such large 
amounts of grit suggests that food processing 
rate  may be further constrained by a reduc- 
tion in gizzard capacity imposed by grit inges- 
tion.  This may imply that  herbivorous birds 
must regulate the amount of grit ingested  to 
avoid further limitations  of the  constraint of 
gizzard capacity on food processing rate. 
North-western European continental 
populations of the Graylag Goose (Anser ans- 
er) winter mainly in the marshes of the Guad- 
   
 
 
alquivir in southwestern Spain (Bernis  1964; 
Nilsson et al. 1999),  where  they feed  mainly 
on the tubers of Bulrush (Scirpus litoralis) and 
Alkali Bulrush (Scirpus maritimus) (Sánchez et 
al. 1977; Amat 1986a, 1995; Amat et al. 1991). 
This type of food  is coarse  and  fibrous,  and 
geese  remove  the  roots  from  the  tubers  be- 
fore ingesting  them,  thereby  reducing the fi- 
bre content (Burton and Hudson 1978; Amat 
et al. 1991). Just after arriving at the marshes 
of the Guadalquivir in early autumn, Graylag 
Geese  concentrate  on   Bulrush   areas,   but 
move onto Alkali Bulrush areas as soon as the 
latter  areas  become flooded after  autumn 
rains (Amat 1986b).  This habitat  shift seems 
to be related to a preference for Alkali Bul- 
rush tubers over those of Bulrush (Amat et al. 
1991). In this wintering area,  Alkali Bulrush 
tubers  constitute, on a seasonal basis, a non- 
renewable resource, because  the  growth  of 
this plant  starts in late winter, and  the  geese 
first consume the small Alkali Bulrush tubers 
leaving the larger ones for the late wintering 
season (Amat 1986a, 1995). 
Because of the elliptic shape of Alkali 
Bulrush  tubers,  the  gaps between  tubers  in- 
side gizzards would increase  with tuber  size. 
As larger tubers are likely coarser than  small- 
er tubers  (see  Discussion),  more  grit would 
be necessary to process larger tubers (Gion- 
friddo and Best 1996, 1999). Coarseness of 
food, however, limits the size into which par- 
ticles may be broken down during digestive 
processes (Van Soest 1996), and to solve this 
problem herbivores may  increase   food  in- 
take rates (Owen 1972; Batzli and Cole 1979; 
Sibly 1981). Although grit could  fit into  the 
interstices between  the tubers,  the ingestion 
of more  grit by Graylag Geese to grind  large 
tubers  would be at the  expense of ingesting 
additional tubers because of gizzard capacity 
limitations. Under  these  circumstances, 
there may  be  an  inverse  relationship   be- 
tween tuber  size and amount of grit ingested 
to optimize  food  ingestion. Accordingly,  we 
predicted that, given the presumed inversed 
relationship between  amount of grit ingest- 
ed and food characteristics, there should  be 
a seasonal variation  in the amount of grit in- 
gested by geese, related to the seasonal size- 
related consumption of  Alkali Bulrush  tu- 
bers. The  aim of this paper was therefore at 
verifying this prediction. 
 
METHODS 
 
Graylag Geese wintering in the marshes of the Guad- 
alquivir gathered at coastal dunes in which they obtained 
grit (sand) (Sánchez et al. 1977; Mateo et al. 2000). Geese 
were obtained from  the  bags of hunters in the  marshes 
of the Guadalquivir during the hunting season of 1975- 
1976. The birds were usually shot in mid-morning when 
moving from feeding  areas to resting  sites. The gizzards 
were extracted and  their  contents stored  in paper bags 
and dried.  In the laboratory, grit was separated from the 
food by decantation and dried  for 24 h, after which the 
mass of grit was recorded with an electronic balance to 
the nearest 0.1 mg. All tubers  found inside the gizzards 
examined were of Alkali Bulrush. 
The  total  number of tubers  found inside  gizzards 
was estimated by counting the  number of undamaged 
tubers  as well as the  number of partially  disintegrated 
tubers.  When possible, tubers  found inside the gizzards 
were  measured (maximum length   to  the  nearest  0.1 
mm), recording also whether or not tubers were partial- 
ly disintegrated. The size of tubers  inside individual  giz- 
zards was averaged,  distinguishing between  partially 
disintegrated and non-disintegrated ones. 
To examine whether there were differences in the 
volume of gaps between  tubers  of different sizes, tubers 
were re-hydrated for 24 h, and  small (≤8.0 mm  long) 
and large (≥10.0 mm long) tubers (see Amat 1995) were 
selected. Tubers of each size category were placed filling 
20 ml in a 50: 1/1 ml test tube, then  water was added un- 
til all the gaps between the tubers were filled. Therefore, 
the volume of gaps between  the tubers  was equal to the 
volume of water added. Ten replicates of each treatment 
were made, in each one using different tubers. 
 
Statistical Analyses 
 
The relationship between  the average size of tubers 
and the amount (by mass) of grit inside gizzards was ex- 
amined using Pearson  product-moment correlation. 
Differences in the amount of grit found inside geese giz- 
zards in different periods  were tested  using analysis of 
variance (ANOVA). Differences  in the volume of water 
necessary to fill gaps between  tubers  according to tuber 
size (large  vs. small)  were assessed with Student’s  inde- 
pendent t-test, and differences between  the size of non- 
disintegrated tubers  and  that  of partially  disintegrated 
ones inside individual gizzards were assessed with Stu- 
dent’s paired  t-test. Finally, the relationship between the 
proportion of  partially  disintegrated tubers   and  the 
mass of grit in gizzards was examined, after controlling 
for the  number of tubers  inside  gizzards, using partial 
correlation. The proportion of partially disintegrated 
tubers  was arcsin-transformed before  analysis to  meet 
normality  requirements. Mean values are presented ±1 
SD, unless otherwise  indicated. 
 
 
RESULTS 
 
Sand  was found in all of 54 gizzards ex- 
amined, with a mean  mass of 10.8 ± 5.6 g 
(range 28.3-0.8 g) per  gizzard. As expected, 
   
 
there was an  inverse  relationship between 
the  size  of  Alkali  Bulrush   tubers   and  the 
amount (by mass) of grit inside gizzards (Fig. 
1; r48  = -0.30, P = 0.037).  The  size of tubers 
consumed by  geese  increased throughout 
the wintering season (data  on the same indi- 
vidual  geese  presented in  Amat 1995),  but 
the amount of grit ingested  showed a season- 
al decline  (Fig. 2; ANOVA, F2, 51  = 8.16, P = 
0.001). The volume of water necessary to fill 
gaps between tubers was greater when tubers 
were large  (10.7 ml ± 0.44) than  when  they 
were small (9.3  ml ± 0.36)  (Student’s inde- 
pendent t-test, t18  = 8.19, P < 0.001). 
Assuming that there were no size-related 
differences in the  timing  of ingestion of tu- 
bers in each feeding bout, the size of non-dis- 
integrated tubers  was larger (9.8 ± 1.97 mm) 
than  that of partially disintegrated ones (9.0 
± 1.25) inside individual  gizzards (Student’s 
paired  t-test, t49  = 3.61, P = 0.001). There was 
a significant  relationship between  the pro- 
portion of partially disintegrated tubers  and 
the mass of grit in gizzards, after controlling 
for  the   number of  tubers   inside   gizzards 
(partial r48  = 0.28, P = 0.050), indicating that 
grit  aided   in  the  mechanical  grinding  of 
food. 
 
 
DISCUSSION 
 
Most  studies  that  have  considered  grit 
use by birds have analyzed the effects of dif- 
ferent diet types on grit ingestion (Gionfrid- 
do and Best 1996, 1999). However, the char- 
acteristics  of a given type of food on grit in- 
 
 
 
 
Figure 1. Relationship between the mass of grit and av- 
erage tuber length in Graylag Geese gizzards. 
 
 
Figure 2. Mean mass of grit ±SE in gizzards of Graylag 
Geese shot in the first half of December 1975 (Dec I), 
and the first (Feb I) and second (Feb II) halves of Feb- 
ruary 1976. Number of gizzards beside the points. 
 
 
gestion  patterns have  not  been  considered 
previously. Although in this study there was 
an inverse relationship between  the amount 
of grit in Graylag Goose gizzards and the size 
of tubers,  the  pattern observed  was correla- 
tive and had a weak effect size. Given that 
larger  tubers  probably   contain more  fibre 
and,   therefore,  may  be  more   difficult   to 
break  down, the  results on grit ingestion by 
geese seem contrary  to the pattern found in 
interspecific comparisons, in that large 
amounts of grit are often  associated  with di- 
ets consisting  of coarse  materials  (Norman 
and Brown 1985; Gionfriddo and Best 1996). 
This apparent contradiction may be ex- 
plained by considering the  optimization of 
gizzard capacity. The gaps between tubers in- 
side gizzards increased when  the  size of tu- 
bers increased, so that  the apparent volume 
cost of these gaps might limit the amount of 
food  ingested  if such  gaps  were filled  with 
grit  (cf.  Taylor  1993).  One  way to  reduce 
these costs should  be to ingest less grit as the 
size of tubers  increases,  so that  more  tubers 
could  be  ingested   in  each  foraging   bout. 
This suggests that geese have the ability to 
regulate their  intake  of grit (see  also Halse 
1983),  so that  they optimize  the  capacity of 
their  gizzards. 
It  has  been   shown  that  the  gizzard  of 
birds  is a rather plastic  organ,  as it may in- 
crease  or  decrease in size in a few days de- 
pending on  food  coarseness   (Kehoe   et al. 
1988; Starck 1999; Dekinga  et al. 2001; 
Figuerola et al. 2002; van Gilsl et al. 2003). By 
   
 
increasing the muscular mass of their  giz- 
zards, birds are able to crush the harder food 
items  more   easily  (Guillemette  1998;  van 
Gilsl et al. 2003).  It is not  known,  however, 
whether after  increasing the  muscular mass 
of the gizzard, the capacity of the gizzard also 
increases. Nevertheless, the ingestion rates of 
hard food items may exceed the rate at which 
food  items  are  defecated even  during peri- 
ods when  birds  have gizzards with a greater 
muscular mass (Guillemette 1998). This sug- 
gests that if there is a concurrent increase  in 
gizzard capacity with increasing its muscular 
mass, such an increase  is not  enough to cir- 
cumvent  food processing constraints derived 
from  a limitation of gizzard  capacity.  Given 
the  importance of grit  in  facilitating  diges- 
tion processes (see references above), the in- 
verse relationship between  tuber  size and 
amount of grit suggests that if there is any in- 
crease  in the  size of Graylag Geese gizzards 
when  the  larger  tubers  are  consumed, such 
an increase would not be enough to compen- 
sate for the  loss of gizzard  capacity  derived 
from   grit  ingestion.  It  may  be  that   birds 
trade-off  muscle  mass of the  gizzard against 
grit  ingestion  when  they  consume  coarse 
food items to optimize  gizzard capacity. 
Likely, the ingestion of grit facilitated  the 
disintegration of tubers, as suggested  by a re- 
lationship between the proportion of partial- 
ly disintegrated tubers  and  the  mass of grit 
inside gizzards, and perhaps relying on some 
amount of grit to enhance assimilation  pro- 
cesses should outweigh the loss of gizzard ca- 
pacity to the  amount of food  ingested. It 
should  be interesting to show in future stud- 
ies whether there is a grit ingestion-muscular 
mass of the  gizzard  interaction to optimize 
food processing rates. 
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